ABSTRACT A light form of DNA ligase (EC 6.5.1.2), the only form present in oocytes of the axolotl (Ambystoma mexicanum), has been shown to be replaced by a heavy form of the enzyme when the egg enters cleavage. This early biochemical event has been assumed to rely on direct nuclear input. Sucrose gradient analysis permits discrimination between enzymes from axolotl and the sharp-ribbed salamander (Pleurodeles waltlii) for both heavy and light enzymatic forms of DNA ligase. Genetic activity of blastula nuclei transplanted in activated cytoplasm has been tested by determination of the enzymatic forms and specific types of DNA ligases when the implanted egg enters cleavage. A Genetic activity of the female pronucleus controls the enzymatic form of DNA ligase (EC 6.5.1.2) in eggs of the axolotl (Ambystoma mexicanum) (1). The distinct consequence of this activity is the appearance of a heavy form of enzyme (8S) that is specific for development and the concomitant decay of the light form of enzyme (6S), which is the only form present in unfertilized eggs (2). The replacement of one ligase by the other in activated cytoplasm provides a favorable system for experimental study of gene activity control.
(Ambystoma mexicanum) (1) . The distinct consequence of this activity is the appearance of a heavy form of enzyme (8S) that is specific for development and the concomitant decay of the light form of enzyme (6S), which is the only form present in unfertilized eggs (2) . The replacement of one ligase by the other in activated cytoplasm provides a favorable system for experimental study of gene activity control.
Results already obtained support the hypothesis of molecular duality of the enzymes under study (3) . They offer evidence that the genetic property of the female pronucleus, once acquired, is stable, autoreproducible, and dependent on DNA synthesis for its expression (4) . The male pronucleus is unable to govern DNA ligase replacement in activated cytoplasm, and this property is shared by any nucleus of an androgenetic blastula. An alternative expression is always observed between the two forms of ligase: the light enzyme vanishes at the same time as the heavy one appears.
The present report describes preliminary ligase replacement in early development of Pleurodeles waltiii, the sharp-ribbed MATERIALS AND METHODS Unfertilized eggs of axolotl and Pleurodeles were obtained from mature females injected intramuscularly with 200 units of chorionic gonadotropin. After removal of the jelly layers, eggs were artificially activated by an electric shock delivered by a condenser (5) . UV enucleation was accomplished with a mediumpressure mercury lamp within 15 min after activation. Nuclear transplantation was performed according to the procedure described for Urodeles (6) (7) (8) . Donor embryos resulting from natural spawning were dissociated in Ca-and Mg-free Steinberg solution. Haploid androgenetic donors were prepared by UV enucleation of freshly deposited fertilized eggs. Hybrid fertilization took place in normal mating of females grafted with ovaries of the other species (9) . Such females behave normally towards males of their species and provide hybrid eggs with an excellent yield of fertilization. All experiments on living material were conducted at 18'C.
Eggs for study were frozen in liquid nitrogen and kept deep frozen (-800C) until used. Cellular extracts were prepared and analyzed on sucrose gradients as described (2) . DNA ligase activity was determined by a method modified (3) from Olivera (10) . The substrate, (dT)12-18, is dephosphorylated in the presence of alkaline phosphatase and rephosphorylated in the presence of [y-32P]ATP and polynucleotide kinase. After hybridization with poly(dA) at an adequate concentration and reaction with ligase, the assay measured the resistance of this substrate to alkaline phosphatase. Each assay mixture (0.3 ml) contains
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Every sucrose gradient was established with the same mass of fresh material, about 20 eggs. Major experiments were reproduced two to four times with consistent localization of the peaks and a variability of intensity within a range of 15%. activity (Fig. 1A) . The light ligase of axolotl was found to sediment slower than the light ligase of Pleurodeles (respectively, 1A, 6S, and lp, 7S). Similarly, mixed activated eggs of axolotl and Pleurodeles at 9 hr of age present two peaks of activity (Fig.  1B) . The heavy ligase of axolotl (hA, 8S) was found to sediment faster than the heavy enzyme of Pleurodeles (hp, 7.5S). This molecular difference was further demonstrated by chromatography on phosphocellulose (not shown). Sedimentation characteristics appear to be species specific for both forms of DNA ligase, permitting a reliable diagnosis of molecular forms and types present in a system from a single profile of ligase activity after centrifugation on a sucrose gradient.
RESULTS

DNA-Ligase Activity in the Egg Depends on Structural
Genes. Unfertilized eggs of axolotl were artificially activated, enucleated with UV irradiation, and injected with single nuclei taken from a diploid midblastula of Pleurodeles. Such nucleocytoplasmic chimeras generally cleave (12) . Sucrose gradient analysis of eggs frozen 10 hr after activation shows two peaks of DNA ligase activity (Fig. 2A) . One corresponds to the heavy form of Pleurodeles enzyme (hp), already present in the donor embryo. This indicates that a blastula nucleus is able to control the appearance of the heavy ligase of its own species type. We conclude that a structural gene in this nucleus directly encodes the heavy enzyme. We assume that in normal development the female pronucleus does the same. A second peak of equivalent importance corresponds to the light form of axolotl ligase (1A). This peak would be expected if no nucleus had been injected but should have vanished if the injected nucleus had been of an axolotl donor instead of Pleurodeles (4) . In the chimeric combination under study, the light enzyme of the cytoplasmic type remains undiminished, notwithstanding the appearance of the heavy enzyme of the nuclear type.
Other axolotl eggs were activated but not enucleated and were injected with Pleurodeles nuclei as previously. At 10 hr of age we obtain two peaks of activity. A slower-sedimenting one corresponds to the heavy form of Pleurodeles type as in the foregoing experiment and reveals the same genetic expression. The other peak of heavy ligase is of the axolotl type. The female pronucleus in its own activated cytoplasm controls the appearance of the heavy enzyme of its species, independently of the control exerted by the injected nucleus on the heavy enzyme of its own type (Fig. 2B) .
Parallel experiments were conducted using as donor embryos haploid androgenetic blastulas of Pleurodeles. Such a blastula has been shown to be devoid of the heavy form of enzyme and offers the same profile of activity as unfertilized eggs or enucleated cytoplasm, with only the light ligase. Unfertilized eggs of axolotl, artificially activated and enucleated with UV, were implanted with haploid nuclei of Pleurodeles and then analyzed on sucrose gradient at 10 hr of age. Two peaks of ligase activity are evident (Fig. 2C) . The first one corresponds to the light enzyme of Pleurodeles, already present in the donor blastula. This shows that the injected nucleus controls the synthesis of a light DNA ligase of its own species type. We conclude that a structural gene of this nucleus encodes this enzyme, and we assume that the male pronucleus does the same in androgenetic development. Consequently the light ligase present in the haploid embryo not only is a remnant of the cytoplasmic enzyme preserved in the absence of the heavy form but also depends directly upon a genetic expression resulting in the synthesis of this enzyme. A second peak, as in the preceding series, corresponds to the light form of axolotl enzyme. (Fig. 2D) . A peak of light ligase of Pleurodeles corresponds to an enzyme controlled by the injected nucleus. The other peak represents the heavy form of axolotl enzyme, presumably depending on the female pronucleus activity. The replacement of the light ligase by the heavy one occurs normally, as far as axolotl enzymes are concerned. Nevertheless, the appearance of this heavy form does not seem to interfere with the expression of the light form of Pleurodeles enzyme.
Reciprocal experiments have been conducted with axolotl blastulas for donor embryos and Pleurodeles eggs as host. Sucrose gradient analysis reveals perfectly homologous results in all respects.
A substitute procedure for obtaining nucleocytoplasmic interspecific combinations is hybrid fertilization. Axolotl eggs fertilized by a Pleurodeles male were studied 10 hr after spawning. Such hybrid eggs have been reported to cytolyze often (13) , but eggs that undergo cleavage have been selected for ligase study. Sucrose gradient analysis shows two peaks of DNA ligase activity (Fig. 3A) . A peak of heavy ligase corresponds to the normal activity of the female pronucleus and is of the axolotl type (hA). The (Fig. 3B) .
DISCUSSION AND CONCLUSIONS
The initial developmental program is classically assumed to be entirely cytoplasmic, and DNA ligase replacement is the only biochemical event relying upon nuclear, input that has been reported. Besides technical ease of nuclear transplantation, the availability of specific molecular variants in Urodeles offers a favorable system for experimental study of gene expression (14) . The present report establishes that both forms of DNA ligase controlled by the injected nucleus exhibit specific molecular characteristics of the nuclear type. We conclude that they directly result from genetic expression of structural genes. The molecular form depending on the injected nucleus is in agreement with the form already present in the donor embryo. 
